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(57) [S*^] 

IISJSI 1600~1650nmiK*»«i«titgSI-Sffl-C-t S 
Tt^iKSt. l600~1700ninffi=JSrtCOiii|iI$iX7t3feft#4- 



(71) ai8IA 596180076 

Electronics and Tel 
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#li± « S- (^2«) 



100 




(2) 



2002-57396 



>'^Jt^/i^^-^^m'Si:&m^-^. 1600-1700 

a'*) Sr^t>:it Sri^«i swells »iiett<^3t«9*B 

[ff3jt3S9l A (Er^^) ;6^^3fe3S«J^^ L- 

T M IE y ^ ^ ^> / =^ - * ^ « t - ^ ^ ^ ^ ^ ^ 

1900-2 lOOnmSi :&#IS^#"rS®ie*JS^^^^-^^S- 

^ ^ >• <h 31 1 ^ ^> ^ — #t pf^t^ -C- ^ :i ^ 



/i? [fS*JSl 91 ttlfS:/7ir:tv>A^;r>'(7:>:l:Ji, 0. 1 

[fi5jtig2 0] t'^> A-f ;r>:a^^S3'e^'Ji: urfiiia 

[if ^^2 2] SfflB^S^^y' y^;*;;^^-^^!^, #b^b 

30 3fe*J#««o 
[0 0 0 1 ] 

[0 0 0 2] 

[i^^^cosw] m^<^x.o\^^ %mmz,it6\i ^B,^'^-^ 

(DM »1 W -b d ^ A ^ *x S * ^ S fii^ 

r. m'&^^^i^'^ <'thfz.isb\z\^. \t%%<^^^^M 

iy]):^^yT'^ y«omM^B,^mmt , *5 J: ^ 1200~ 17 
[0 0 0 3 1 

50 i^mtm^^^o t-t^wkm] ^&mm<oiy'j 



m • 



3 

7 /^O^ga^SS^^T-fc ^ 1200- 1700nm(^ffiH 
X'-^m't^tL^\^. 1300nnil^i^. 1450nm^i^. 15 

aO-ieOOnm^^. ^tt;«1650~1680nmffiF:^<7:>^/^-rn:C^^X*®J 

l^5o Lj5>L?^^:&^b. 1600~1650nmiS:^S^{c:fflV^biX 

[0 0 0 4] it#{^, ^/^t:'r>A (Er) m:iS\iy ^) %y r 

i^:5o a:;^e[>a^^;^->'^0 4 f-4 f r^oj^^ 

^^ttic^B-r^l^cor-^f? . ti^*(DS^!|?r-?i. 1600-16 

v\ p]#tc:y y ^^A^2^>'ojl^^^#^4^c^@-r 
[0 0 0 6 1 ^^!Bf^> COJ: 9 ^<^Pp1S{-iS^T?tf^^i^ 

tLh<OX-. ^(D^^t^^ t :i^\t. 1600~1650nm(7:»2K 
[0 0 0 7] 

[0 0 0 8] mji^^i 6\z.um(omm\t. i&^^/i^^^^ 

[0 0 0 9] 

[0010] n 1 ^mm(D-'mmmm\zf)^^>^^m 

^-4 0^mt}'r^y9-^:ti^J^ (Pr^"") ^:t>(Oj:^ti: 

0T*«iS;^nri/^^o 

[0 0 11] 5 ?tc3fe±iffi#ii 0 0{:i*3i.^r. 

[0 0 1 2 1 ±,i^l.fzLt^mm^i 0 o(cffii^^n63fe;tf 

-r^tii^icit. ^^y* hir*^<r>i^^m^£^^y^y'=^^-/^^- 



(3) 4#l§2 002-57396 

[0013] =^/i^t:^ j^mMiyv :^ 7 ^<iim^<^ 

fi*t?S(im«Jfe3fe«tlSriiJ*-r-5fcJi>{;i(:i, (i) m%m 

^<Dm^^mt^B-^t^(r:>UM^mz^Kf . (2) ^3tM 

Ba^365::^^<. (4) ^^m^tiM<. (5) h*t 
(6) jJ^;^ hW3N':d5|R6«j. aWWtc^^-r-^^-e^ 
[0 0 141 y9±:ti>J^^:^>'(04 f-4 f 

(multi-phonon relaxation) m^:6^@*t>T:^# < 
^e^t^tfc^J-r^o r:^r% (^F3> ^F4) m\±<T^ik%t^ 

hx<mm'r^^-ji^^^^^^—t\^x. ^^mf^mh 

(OXh^^ —i^e^fC, i/'^;^COP(7>g (network) 

-r. ;^7;^f7:^'rsi-o.^-a^(7:>^giiJ^^>^^^- 
[0 0 15] LfcjS^or, 
•t-Sl.6Mm#3fe^3iK*:f^-h^^«7''*^>{-l^. ^J^yvoi 

40 \Z\t, Tyl^^yv'y^'-h (alumino-silicate) , 

"TjX^fV^^^ys (tellurite) . 'M.^W.y y\\L^%-^y 

m^\\:Mn,l^yy^f^}iiy^^'o. (D^r^ / 

— (i> ^'^r llOOcra"-'-, 700cni"^. 500cra"\ 350cin"^'C^ 

o 

[0 0 16] ±m\^t^yy<m9k^yy^. mitm^k^y 

;^^U^irW^F (selenide) :^ "7 y^<Dm^W^n . ^1 
t.:^mm(0^^y^ hUm^zm^^htitz-lr Y:»yy^X 

50 <Dl.6uJa^^^^ (^F3, ^F4) -^%^0«ttflt%^ 



(4) 



2002—57396 



:ff^:^(Dm^Mlt. D.R. Simons et al. . "Pr^"' -Doped G 
eSx-Based Glasses for Fiber Amplifiers at 1.3 Mm" 
Opt. Lett. . vol. 20, no. 5. pp. 468-470(1995) . RXJ^ 
D. W. Hewark et al. , "Quantum-Efficiency of Praseody 
mium Doped Ga:La:S Glass for 1.3^^ Optical Fiber 
Amplifiers'. IEEE Photon. Technol. Lett. , vol. 6, 
no. 5 . pp. 609-6 12 (1994) (D 5fetTffe3t $ tUTt ^ 

10 0 17] (^F3, ^F4) miii:<om^<^^Mm-^\t. « 



10 



^G4as^<?>iS!&34ta (oscillator strength) Id. Pr^"":^ 
<. l.3nm<D^^Mm\t. Jii^l020ninSri;^-e^:^-r^o t, 

[0018] 
[^1] 







3J> y V 






(%) 


(%) 


(10""cm*8) 






-500 


2484 


110 


60 


4 


36 




B . 


-350 


510 


300 


62 


60 


250 




B 

(^a,^F4) 


-200 


320 ± 

60 


212±10 


77 


65±20 


636±200 



[0 0 19] ^fc. ^'7'^:ti:>M.4:t>'(D^¥:^miiLt^^2 

^mm \.x^>i,6ujiiit^(7:>^^m^tmn\cm< f^^. 

{.tzt^^x. i.eur^9m^^tmtl.x:/y±:ti^J^mn 

b CO ^ ;^ ^ ® ^ ^ ^^^^^ ^ ^ "^^ *^ 
So -fc/i-U":?-^ K;55f 7 >^l:i> :=!t->':&^-1? 

!>A (selenium) X^^X . Ge-As-Se. Ge-Sb-Se, 
As-Se?'.^ ^'':a5^^o UTx /wi-^;^/'^ ;^ X^L^^U- (t 
ellurium) ^ Ji^jS-l' :^ . Ge-Se-T 

e. Ge-As"Se-Te7t^;6^#?Sc *7tGe-S-I. Ge-Ga-S-Br/^ 

rMffl-^t^r-^-So :7^yir;tS>^'Y;t:/coi. 

y 31^/1- dfi-^;5i320cni"^<t i(? /h^ t ^tb 

[0 0 2 0] 1) B 1 o^0J<7:>^ife^'Jr-fd. Ge 

-As-Se^?iJ (n>^y7^\Z.n\^X\i^< o^^tn^SU tc^SfeXU^ 
5>=6fTUr, Ge3oAs6Ga2Se60«^^iSi5ES:^^-rS;«'^«^^'^^^ 

X^%mii^ y 'f^J^t:>h. Ge-As-SeO 

3 0(7>j=!j(;5>?^<:7>;^f^;^(cii^:i:coGa^^^:DD-r6 



[0 0 2 1 1 ±x&bfc;^7;:^Sit{^oi'vr. J:»9I^U< 

mm'ril\'£. *-f^ft99.999X^^±(?:>Ge, Ga, As;35.t^Se 
a^^^^tU. ^±SlV-^i-ld. ^^99.9995ii^Ji(75 

ii?/£l/^H[<D;?f y A (Ga) ^Ge-As-Se^td 

mu-r^ztiz^^x. mmm^^^^z\^±.^^^^t 

.^., '">V^^^'k^^\^XiP (rocking furnace) ^X 

mm^-^^o mm^. 2T./minXboox:t.x^n 
{z^i^^^ti^. iooox:t.xmx:/mnX'^^ 
-^^^ iooo°cr-i2s#r^cop^^]ia^-ti:fc^, 
it^Ss^^f}^h^^l^\^XyKXM.^^^t^. ^fei^r% n 
m^:^*yy'M^^m (^360t:) i6i<xmt^J^^\^^-^ 

ttibUT (polishing) ^f&'t^o 
[0 0 2 2 ] *fc> *«0J«cffli^«bixSir u-^ K:^^:^ 

<ti^^t\t. ^'^^350^i:5io't:^r', :^y^'^'^^h± 
y r ^<^MW-r^ tt^^SfXh^o IIBS{-> Ge-As- 
Ga-Se5S(75ffi«/^S^;««r*-rS:^7:^»<^lffi#XS 

[0 0 2 3] 112 Id, i^j\^%<0?r-<:;^>'i}mM^titi 
ys h^7^C0^?S:S:tty<7)®ltR3&^. $^800nm;5>b^^^ 6C 



T 

tt^'^t^^o bfc^^or. ^SOOnmJ: 0M^^SJ*T-:/7 
^f^6o SOOnmt'. 150jnW?^ftr^l/-if-e-^ 

[0 0 2 4] m3\t. ':f9±:^-i^^^:t> (Pr^^) ^tJ' 

(Boltzmann distribution) ^f^^-fi^^^. #^<^ 

S-e^5o bfciJ&^or, 3F3-^F4S.tJ^^F2-^H6mtel:i, 

(3p3^ 3p^) -^n7}->;uK (manifold) RXf (^F2, ^ 
He) -r-7f^/^ K^a6co}&^S'^r-^So (^Fa. ^F4) 
ti:(7>SliR»fffia^*:^^<^> 1590nmr-f^2. 1 X 10"2 W 
r-*>0, 1480ninTM^L2X10-2Ocn,2r-^'9, -^6^^.^^ 

<DmVQ^&^^^^^ UTJudd-Ofelt^W^^ifebT^iX 

*3ii>ft;^nfcjudd-0felt^^@^ (intensity para 
meter) Qi. Q2^tJ<C33l^. 1. 01 X lO'^ W . 10.5 

4X10-2001112^.1/2. 53 X 10-2 6 o - ^r-. Judd- 

ofeit ^s^i^mcD^m^^j^mmiii. mB%umx'^^o 

[0 0 2 5] 114 1:3:, o.05^;^%Pr^*^^.;l3D-tr l^— K;^fT 
yn:^ a.|^:^JD3fe :7 r ^ ti ^ l ^ b n ^ 1480njn - 

hM)*;^^b^^^nfci.6Atm#«cco«3fe<7:> t'-tJ' 

^leSOnm^iSi^^i^lfit (full width at half m 
aximum) *^100nmr-*>o /t. ^b-^b^A^. tf'-iJ'^S 

[0 0 2 6] ^5 1^. K;y'V^I^^^Pr^''^>:i)D 

^KtcM-r^ (^F3, ^F4) m^<r>^^m^^7f^\^timx- 

^-t;r'':>i:^-Y;^>'^?SS5^»^0.05^;l-%*X:^'?^. 215±5j[Z 

fco Judd-Ofelt4^tFf*^btf3S^iXfcffi*fiS^** (radi 
ative transition probability) t it^VXt^-^ l^tiA 

\zm±Lf:imm<^:kM'j^\^s Judd-Ofelt^W0#l-**l- 

jg^, ft:^M^U3±i) X io"20cm2r-^l^^T:;^#i/^fflS:7r^ 

L/Co (^F3. ^F4) -^^H4^^<7^«5^^i£^{^^ *^77%(C 
JSil^*'SSf^3t (concentration quenching) 



5) i^M2 002-57396 

8 

(^F3. ^F4):3H5-^(^F2. %6) • (^F2. H^)t^h^X. % 
2*C, (%. ^F4):^H4--(^F2, %):^H5;&^^^o ^<^<fc 

5 <e ^ :^ /i- =3E=- «r ^ 7t ae) 

iil^Sl^ (direct 

pumping). -r7^j^i5'^3H4-^(^F3. id^^'^m''^^^ 
tiil)lii^a^'*"^P^^-^'''^^^1480nmU— 

So t>5 — :30fg]^;^vfe^ b-ci^. ^H4->(^F2. 

K^^'J^'^'^- ^ "^^^^ -r^^^^^^. ^2000nintC 

-^(^F3. 3F4):^H5{CSg^-rS:s^^>/l-=3f^-ei^3&^^^^^ 
^ig^^(-^^j^^ (population inversion) ^fe^#^3i^S. 

[0 0 2 8 ] (^Jfetrj2) ||2 0KifeCT^bT. 1480nm 

— A (codoping scheme) ICOl^Tl^^i' So H 2 

Wffl-t-S^'B'tC^bT. l-.6iLzmffir^^3fe<?5?tft:SLtJ^^5?>^ 
tt^^fe^^ (apparent lifetime) [S] _b ^ H /i: . -b^ 
30 ^■^\^t^X.O\Z^. 1480nm=^igc{^. ^'^:x. \:: <^ J^m^m^^ 

(D^tVi^^yt. 0. 05^>'l-%tC@^Ls z^jVM'^ J^(Dmn'^ 
^MZ.. 1480nmU-if-^>f F^^S^L-TSb^i-S 

^(7 :5^i:i!^i:5. ±3zl! Lfc J: p {c. I480nmr% ^y-^^iy 
A^;rV(DPi5JRW®S«^> 1.2X10-2Wt**>'9. ^/i- 

0.^® jR^ffi^^ay^ ufcjg*. 1. 1 x io-20cm2r' 

^ (excitation ratio) t^:x.;\.\i' ^ M.^ (D^flX.'O 
i^^<^J:^o y^-fe;tv>i^^;t>'t7:)1.6iumtC*5<t5^5t 
5fi^«rfS]Jb^-^5)t8e)t:H^. ^/ut:'e7A^:r>co4li3/2 

mmz-^^-r^^^t^. 'f^'^is-iyj^^^^^<^ (^f3. ^ 



9 

11^, — (radiative energy transfe 

r) X-h^. m2\t. ^mM^^-^^^-<^^^ (nonradiat 
ive energy transfer) T-fcSc ^ O J; 5 

(energy resonance) if 
m 1536nm{C t" ^ ^ 6 ^/^ ^ ^ ^ I • 

aiybfc'r>jU^':t>'(7)4ll3/2^^i^^3fe#^»^> 3. 
26ins^L-C, '/7-t?f^^A>r:?*-V(;> (^Fs, ^F4) 

- O CO -1- l^l^:^JQ U r 1480nmS:® i::©) ^t* ^ ^ 

I 0 0 2 9 1 0 6 1^. 0. 05^/W%Pr^^ h 0. 2^/i-%Er^^ ^ 

^ A ^ V ^ *{^^.:t)D ^ Hfcif b fflil 

^Ufw;^^-^:5' h/l^^-^f-ti'T;^ bfCo :/ ^ ir ^ >' 
;&>ib^^-r5l.6;im»«c^3fe5fiS:&^ :n/i. fc' r> ;^|->' 
A ^ ;r <7> 1. 6 « m««# 3fe it -^r ^^-^ ^ ^ ^ ^ ^ 



^) #S 2002-57396 

10 

[0 0 3 01 HI 7 i^, 0. 05^;Wr^^^?4^:?3D;^f 7 
t/o. 05^/u%Pr^*/o. 5^>^u5<;Er^*d5*(c:^:dD ^ iXTt:^ 7 

> pa CO o:^. iciitT ur V ^ S c: ^ ^ 

^^1^^ T^'^iTJ^v^i^ ^^/^t:'C> AY;^:/^ 
-^?^-^/A-<;<^>^^C7}?t'^ x^-H V (population) 
[0 0 3 1 1 HSf^. Er^''^;DPl[^Cj:^Pr3'':l.65^:in^ 

^ ;r >^ 0 . 05 ^ A ^ i^ . ^0 . TSms .^.l^ \C M 

^^0.05^;^*^C@^$i^-^V^Tt>, :r/Hfr>A^ 

^^■rS1.6Aini»iSr*C0Sfi)t^M®iR (ground state a 
bsorption) t{Cj:or?^^-r^r.i:d^Xr#6L, 

^^t^^m^^^fflL-trt^. ±Ifil480nIn^'-i^'-^•^':^- K 
Steffi Lfc^-g- ^ |^«| (T^^^b^^^-To 

[0 0 3 2 1 mmms) m3(r>m^mt\.x. :fy^ 

\z.^^X%y r ^ >'^S»igd^§a ^'iJGe-As-SetT^ Ho<7)fi8;i5- 
5i? [0 0 3 3 1 *:^P^c7:'a#7S«*l^. Jbil? A? ^ 



(T) 



2002—57396 



11 

[0 0 3 41 

j^mmy r ^ ^'^^-^-^^^'^^-^'^"^^ ^ 

[@ll 



12 



10 



20 



10 2 1 l^/b%(75Pr^:^>'J&^^:^)D^^^-"^^- ^^'^^ 
[031 :/7i-;rv>A^>rvS:tl^^>'^t*!>A-<:t>^(7>ai 

[El5l "^fvx^i-^ K^^;^F^coPr^''^:^D*S{-^"t'S 

(^F3. ^F4) vSte(7>^3/fi#^^:^UfcllT-fc2>c 

[ H 6 1 0. OS^^l-JiPr^'^ ^ 0. 2^^L'%Er^* h 3&^*tC^.;DD ^ 

[0 7 1 0. ^%^}V%?r'^^m^m^'^^y'^'BLW. 05^/U%Pr 

[0 8 1 Er^^l^JSJDSt^ <t SPr^* : 1. 65iu in«3fe ^Er^*: 1. 5 
4 m ^ 3t t7) ^ 3fe ^ ^ 1^ ^ - 

1 0 A;t?yfcft-§* 

2 0 i&^y-:^ 

3 0 <Jg;;}Ny ^^^-z^^^^:*^^-^ 

10 0 *±ii|>i« 

[021 




20 



ft 

S 10 



[04] 




1S00 2000 



2500 



[061 



[071 



35 



30 



0 • 

0.2 



0 

0.6 
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